Background: In Japan, waist circumference (WC) percentiles to screen for childhood metabolic syndrome (MetS) are unavailable. The objectives of this study were to develop WC and WC-to-height ratio (WC/Ht) percentile curves by age and sex for Japanese children, and to test their utility in screening for MetS in children with obesity who are otherwise healthy.
Background
Childhood obesity has been found to be a precursor of health problems in adulthood [1, 2] , associated with insulin resistance [3] , abnormal glucose metabolism [4] , and elevated blood pressure [5] . These abnormalities are identical to the characteristics of adult metabolic syndrome (MetS). Various groups have proposed several criteria of metabolic syndrome in children [6] [7] [8] by consensus among experts [9, 10] . Among those, the definition of the International Diabetes Federation (IDF) was most recently published, and has been widely used in research [11] [12] [13] ; although this definition still has several limitations with this definition [14] . All criteria including the IDF definition, uniformly emphasize the importance of central obesity, defined as an excessive waist circumference (WC). In children and adolescents, percentiles, rather than absolute values of WC by age and sex, are more reliable measures of MetS, and they compensate for large variations throughout development. For example, the IDF defines a WC ≥ 90th percentile across and sex groups as central obesity in children and adolescents. The development of ethnicspecific WC percentiles has been strongly recommended to define central obesity in children across the world [10] . To date, two sets of WC percentiles by age and sex in the Japanese pediatric population have been reported [15, 16] . However, the notable drawback of these percentiles is that the definition of WC as measured at the site of maximum waist narrowing or the top of the iliac crest, which differs from the standard Japanese site, the umbilical position. In Japan the umbilical position is defined as a measurement site of WC for adult MetS criteria in Japan [17] ; these criteria are based on the relationship between individuals' amount of abdominal fat, as measured by computed tomography, and their WC, both at the level of the navel [18] . Although this method is not used internationally [19] [20] [21] , studies have indicated a strong correlation between the umbilical WC and the risk of MetS in the Japanese population [22, 23] . Based on this background, the umbilical position has been used as the Japanese standard for evaluating WC in health examinations in both adults and children. Given the application of WC percentiles as a screening tool within the health checkup system, the development of a new set of WC percentiles for Japanese children is ideal, using the data collected from measurements at the umbilical position in Japanese children.
This study aimed to develop age-and sex-specific percentiles of WC and WC-to-height ratio (WC/Ht), the latter of which has been reported to be another sensitive indicator of MetS in adulthood and childhood [24] [25] [26] [27] . Furthermore, we tested the utility of the developed WC and WC/Ht percentiles to screen for childhood MetS in accordance with the IDF definition.
Methods

Development of the WC and WC/Ht percentiles
The Hamamatsu University School of Medicine Ethics Committee approved the study (#22-122). All participants and their parents provided informed consent. Children's WC measurements were taken as optional assessment during annual health checkups at three randomly selected elementally schools (aged 6-12.75 years), or during 5-year health checkups for children aged 4.5-6 years, which are conducted in two towns in Shizuoka prefecture of Japan, comprising urban, rural, and industrial areas. Each child's height and weight were measured. At the same time, WC was measured among children who had, and whose parents had agreed to participate in this study through written consent (N = 7,418). A total of 229 children were not eligible because written consent was not obtained. The data of children who had foreign citizenships (N = 210), in active treatment, or with severe handicaps (N = 38) were excluded. Eventually, data on WC percentiles were obtained from 7,170 children (3,634 boys and 3,536 girls). WC was measured once at the umbilical level to the nearest 0.1 cm, using a constant tension tape by welltrained pediatricians. All participants were measured in the standing position wearing thin school T-shirts. The reason for measuring children wearing clothing was due to the lack of individual privacy during the data collection. In Japan, routine health checkups on school-aged children and adults with wearing thin clothing are regarded within an allowance. Children's WC/Ht was calculated by dividing WC (cm) by height (cm). The data from seven participants were considered outliers in the dataset using a ± 5 SD cutoff. To obtain smoothed WC percentiles for each gender, we used the LMS method [28] , which summarizes the changing distribution by three curves representing skewness (L), the median (M), and the coefficient of variation (S). The method assumes that the data at each age are normally distributed after using the Box-Cox transformation. The values of L, M, and S were constrained to change smoothly with age, and the fitted values were used to construct any required centile curves. Using the penalized likelihood method, three curves (L, M, and S) were fitted as cubic splines by non-linear regression, and the extent of the smoothing was controlled by equivalent degrees of freedom. Fitting and smoothing were done with lmsChartMaker Pro ver. 2.3 (Medical Research Council, London, UK).
Testing the WC and WC/Ht percentiles
The new WC percentiles were tested on the data set of patients who had visited the pediatric outpatient department of Osaka Medical College Hospital for weight management from 2005 to 2007. The Osama Medical College Ethics Committee approved the study (#1473).
Participants consisted of 585 obese children aged 6-12 years of age (355 boys and 230 girls). Obesity was defined as percentage overweight (POW): ≥ 20 % based on the age-and sex-specific standard bodyweight for the height. POW was calculated as 100 × (the measured weight -normal weight)/normal weight (%). Normal weight data based on age-and sex-specific standard body weights for height were obtained from the Ministry of Education, Culture, Sports, Science and Technology. Theoretically, POW that is unique to Japan is not influenced by height, therefore, it is a highly useful index for longitudinal studies and has been widely used in school health checkups to evaluate children's weight periodically [29] . Height, weight, and WC were recorded. Systolic and diastolic blood pressures (SBP and DBP) were measured in the supine position and the average of three measurements was used for the analysis. After a 12-to 14-hr fast, a blood sample was collected to measure plasma glucose and serum lipid concentrations, namely, high-density lipoprotein (HDL), and triglycerides (TG). Plasma glucose concentrations were determined by the glucose oxidase technique, TG by the enzyme method, and HDL by the selective inhibition method. All laboratory data were evaluated according to the IDF definition of pediatric MetS [9, 10] : 1) a SBP > 130 mmHg or DBP > 85 mmHg; 2), fasting glucose level > 5.6 mM; 3) TG > 1.7 mM; and 4) HDL < 1.03 mM. Data are presented as mean (SD).
Statistical analysis
The log likelihood ratio test (G test) and the receiveroperating characteristic analysis (ROC) were used to test the validity of the WC and WC/Ht percentiles for screening childhood MetS. JMP for Windows version 8.00 (SAS Institute, Cary, NC) was used for analysis.
Results
Reference values for WC and WC/Ht
We found similar distributions of height and weight in our study sample to be similar to the national sample (Table 1 ) [30] . The LMS parameters for WC and WC/Ht are shown in Additional file 1: Tables S1 and S2, respectively. The WC percentile curves of the boys were greater than those of the girls (Fig. 1 ). There were no apparent differences between boys and girls in the respective shapes of the curves below the 75th percentile. The shapes of the 90th and 97th percentile curves for boys were linear, whereas those for the girls were sigmoid. All of the WC/Ht percentile curves of boys were greater than were those of girls (Fig. 2) . Boys' WC/Ht 90th percentile curves remained constant at 0.5 for all ages, whereas those for girls declined with age (from 0.5 to 0.45). In contrast, the percentile curves below the 75th percentile for both boys and girls had downward shapes.
Participants who were obese (355 boys and 230 girls) were separated by sex and then divided into two age groups-aged 6-9 years and 10-12 years-according to the age-grouping in the IDF definition of childhood MetS [9, 10] . Each group was further divided into two groups using the new WC percentiles (below and above the 90th percentiles), namely, the IDF's cutoff, to determine their utility as a screening tool for MetS. The number of metabolic risk factors in participants with a WC ≥ 90th percentile was higher, regardless of their age, in comparison with that of risk factors among children with a WC < 90th percentile (Table 2) . Among children aged 10-12 years with a WC ≥ 90th percentile, 16 (11.4 %) of the 140 boys were diagnosed with MetS. There were no boys with a WC < 90th percentile, with two or more metabolic risk factors (p < 0.05). Three (4.4 %) of the 68 girls with a WC ≥ 90th percentile exhibited two or more metabolic risk factors that approached a MetS diagnosis whereas none of the girls with a WC < 90th percentile had two or more metabolic risk factors, but the difference was not statistically significant. In the group aged 6-9 years with a xWC ≥ 90th percentile, 7 (3.9 %) of the 180 boys and 2 (1.3 %) of the 154 girls exhibited two or more risk factors. Then, validity was tested using the integrated data obtained from all the participants. The number of participants with a cluster (two or more) of metabolic abnormality was higher among the group with a WC ≥ 90th percentile than that among those with a WC < 90th percentile (p = 0.0362).
Next, we tested the use of the WC 97th percentile cutoff (Table 3 ) because a 90th percentile cutoff for WC might lead to an over-diagnosis of central obesity with application on Japanese children, whose WC is relatively smaller than those of children in western countries. The numbers in the parentheses show the percentages of children n Number of participants, WC Waist circumference, BP Blood pressure, BS Blood sugar, TG Triglyceride, HDL-C High-density lipoprotein cholesterol Metabolic abnormalities were present in both WC < 97th and WC ≥ 97th percentile groups of boys aged 6-9 and 10-12 years, and of girls aged 10-12 years, unlike in the case of the WC 90th percentile cutoff. Two (3.4 %) of the 59 boys (aged 6-9 years) and 7 (6.9 %) of the 101 boys (aged 10-12 years) with a WC < 97th percentile cutoff exhibited a cluster of metabolic risk factors. None of the girls aged 6-9 years presented with two or more metabolic risk factors, but 2 (7.7 %) of the 26 girls aged 10-12 years did so, even when their WC was below the cutoff. In accordance with these results, the validity test on a WC < 97th percentile cutoff failed to show a statistical significance (p = 0.689).
We also tested the validity of the WC/Ht ratio in screening for MetS in obese participants, using the 90th percentile cutoff (Table 4 ) and 97th percentile cutoff (Table 5 ). In the group aged 10-12 years, 16 (10.7 %) of the 149 boys and 3 (4.1 %) of the 73 girls exhibited two or more metabolic risk factors, as did 7 (3.9 %) of the 180 boys and 2 (1.3 %) of the 155 girls aged 6-9 years with a WC/Ht ≥ 90th percentile. The percentage of participants with two or more metabolic risk factors over the cutoff (WC/Ht: 90th percentile) was similar to that obtained using the WC 90th percentile: None of the participants with a WC/Ht < 90th percentile, regardless of age, exhibited two or more metabolic abnormalities: however no statistical significance was obtained for the validity test (p = 0.0993). When using WC/Ht 97th percentile as the cutoff, metabolic abnormalities were present in children aged 10-12 years in the group with above or below cutoff. Four of the 78 boys and 2 of the 15 girls, even with WC below the cutoff point exhibited two or more metabolic risk factors. Predictably, no statistical significance was obtained for the validity test (p = 0.6381).
Furthermore, we performed ROC analysis to support that the notion that WC at the 90th percentile was the most appropriate value for screening childhood MetS [explanatory variable: higher or lower than the cutoff WC percentile (75, 90, or 97th), and supervised variable: two or more metabolic abnormalities, using combined data from boys and girls, regardless of age]. The confidence interval for the area under the ROC the curve (AUC) was 0.505 (95 % CI: 0.501-0.510, sensitivity; 1.000, specificity; 0.011) for WC 75th percentile cutoff, 0.539 (95 % CI: 0.528-0.550, sensitivity; 1.000, specificity; 0.077) for WC 90th percentile cutoff, or 0.482 (95 % CI: 0.387-0.576, sensitivity; 0.607, specificity; 0.356) for WC 95th percentile cutoff. Taken together, among those cutoff points, WC 90th percentile cutoff may have a certain level of potential for screening childhood MetS.
Discussion
This was the first trial to develop WC percentiles by age and sex in the Japanese pediatric population using a new dataset of measurements at the standardized Japanese site (the umbilical site). We showed that the new WC percentiles have the potential to distinguish children with MetS from obese children who are otherwise healthy according to the IDF criteria, which are used worldwide. Currently, there is no consensus on the WC measurement site for the pediatric population, although several positions are used [31] . In response to this situation, the international definitions of childhood MetS, such as the IDF criteria, do not define a measurement position for WC. Furthermore, the relationship between WC values and cardiometabolic risk factors do not appear to be affected by measurement site, including at the narrowest part of the waist, the midpoint between the lowest rib and iliac crest, or just above the iliac crest and the umbilical level [32] . In Japan, the adult criteria for MetS included a WC measurement at the umbilical site for the diagnosis [17] , based on a previous study [18] ; therefore, the umbilical position is used as the standard position for all ages at health examinations. To date, two sets of WC percentiles by age and sex in the Japanese pediatric population have been reported [15, 16] ; however, those studies used WC measurements from the narrowest part of the waist or the top of the iliac crest, not at the umbilical site. Therefore, it should be emphasized that the new WC percentiles are more useful for screening childhood MetS through school health checkups.
Sex differences in visceral fat as well as WC are believed to appear at puberty [33] [34] [35] [36] [37] , with boys showing more visceral fat than do girls, due to sex differences in hormonal concentrations [38] ; however, in prepubescent children, visceral fat levels are roughly similar. It is noteworthy that the actual value of the boys' WC at the 90th percentile in this study becomes greater than that of girls at around the age of six ( Fig. 1 and Additional file 1); nevertheless, gender differences in sex hormones are thought to be negligible at this age. A study of WC percentiles in Japanese children reported similar results [16] , although the WC measurements differed from those in this study. Turkish boys also showed a predominance of central adiposity throughout early childhood [39] , indicating the presence of sex differences in visceral fat deposits before puberty, which is consistent with previous findings [40] . This study underscores the importance of developing sex-specific WC percentiles by age from early childhood to puberty. It is worth mentioning that pubertal status can affect metabolic parameters, including blood pressure, lipid profile, and glucose metabolism [41, 42] . In this study, the pubertal status of the participants was not considered. One reason is that pubertal status is not included in the IDF definition of MetS. Besides, because of the lack of individual privacy during the school health checkups, puberty status could not be assessed. Further studies on the screening of childhood MetS, so as to examine the strength of the effect of pubertal status on metabolic parameters are necessary.
The 90th percentile for WC has been reported as a reliable cutoff for screening metabolic abnormalities in children [43] [44] [45] . Because there were no MetS subjects in boys and girls with a WC < 90th percentile, we demonstrated that the cutoff point of WC at the 90th percentile involved a certain level of reliability for distinguishing children with MetS, according to the IDF criteria, from obese children who were otherwise health, When the WC cutoff was set at the 97th percentile, some of the participants below that percentile were The numbers in the parentheses show the percentages of children n number of participants, WC Waist circumference, BP Blood pressure, BS Blood sugar, TG Triglyceride, HDL-C High-density lipoprotein cholesterol found to have multiple metabolic abnormalities. This finding indicated that the WC at the 97th percentile was inadequate in distinguishing children with MetS from those who were obese but were otherwise healthy. The validity of WC at the 90th percentile was supported by the results obtained from the statistical analysis, although data from all the participants were integrated, due to extremely small number of non-obese subjects. These results are compatible with previous reports that a slight increase in metabolic risk factors begins at the 75th WC percentile, while a considerable increase begins at the 90th percentile [46, 47] . Further studies are needed to clarify specific cutoffs by ethnicity, while satisfying sensitivity and specificity criteria to screen for childhood MetS. The WC/Ht ratio has the potential to be a better screening index for metabolic risks in adults than does WC [27] . Since WC/Ht does not change dramatically in accordance with the ages of children and adolescents, specific references are unnecessary, giving it an advantage in screening for childhood MetS. The WC/Ht cutoff was 0.5, which was created based on adult studies showing an association between WC/Ht and metabolic risk [25, 26] , and the same 0.5 cutoff can be used across all ages in pediatric populations [27, 48] . In our study, the WC/Ht 90th percentile of the boys was constant at 0.5 across age. Therefore, it can be used as a simple screening parameter to predict a cluster of metabolic risk factors in boys. The 90th percentile curves of the girls in our study were not constant at 0.5 across age, indicating that the value of 0.5 WC/Ht was not a good screening tool for MetS in girls. This result is consistent with a study showing that the WC/Ht cutoff was not constant at 0.5 for all ages in [49] suggesting the need for specific age and sex references.
There are some limitations in the present study. The first limitation is that the new percentile curves were based on a sample from only one prefecture in Japan, not from randomly selected regions across the entire country, which restricts their generalizability as national references. Therefore, it might be difficult to apply the results of this study to Japanese children in the general population. However, mean heights and weights were similar to those of Japanese children of the same age in the general population. Furthermore, several studies reported that the distributions of height and weight in school-aged children of Shizuoka prefecture were similar to those in the national survey [50, 51] . Therefore, the new WC percentiles from this study have the potential to be of great value in their application by clinicians to the general population of Japanese children. Studies that use data collected from several other regions of Japan are needed to establish national references. The second limitation of the present study is that the samples used for the utility evaluation of the new WC percentiles were obtained from only one site, Osaka prefecture, and did not include participants who were not overweight, resulting in a relatively small number of children being classified below the WC cutoff values (90th or 97th percentiles). Therefore, we cannot provide firm evidence supporting the use of the new set of WC percentiles to screen for childhood MetS (in accordance with the IDF definition) throughout the country. It should also be taken into account that the validity of the WC and WC/ Ht percentiles is retrospective (using the pooled data collected before the establishment of those percentiles). Considering that the incidence of childhood obesity in Japan has either remained the same or decreased since 2000 [52] , this trial of validity should be acceptable. It must be mentioned that the result of poor AUC values and low specificity caused by relatively small number of MetS subjects is a significant weakness in this study. Given that the WC 90th percentile cutoff showed a good sensitivity (1.00) with relatively high AUC values among three cutoff points (75th, 90th, or 97th), it might be possible that this cutoff values has a potential for the screening of childhood MetS. Future studies using a data set of newly recruited subjects, including non-obese subjects from the entire country are necessary to ensure the reliability of the WC 90th percentile cutoff for screening childhood MetS in Japan.
Conclusion
In summary, this study provides a new set of pediatric WC and WC/Ht percentiles specific to age and sex, based on the data collected from Japanese children aged 4.5-12.75 years. Children's measurements of their WC were taken at the umbilical site, which is the site used universally in Japan. The WC percentile was effective in distinguishing participants with childhood MetS from children who were obese but otherwise healthy, based on the IDF criteria that are used worldwide.
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